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Abstract 
Just over a decade ago, it was established that NK cells in the thymus do not 
follow precisely the same developmental pathway as conventional NK cells that 
develop in the bone marrow. Subsequently, it has emerged that NK cells are one 
branch of a family of innate lymphoid cells (ILCs). ILC1s and thymic NK cells 
have, however, sufficient similarities such that questions have been raised about 
how distinctive each cell type is from the other. In this issue of European Journal 
of Immunology, Gabrielli et al [Eur. J. Immunol. 2017. 47: xxx-xxx] make a detailed 
study of the transcription factor requirements of murine thymic NK cells. They 
provide a valuable insight into the distinctive identity of thymic NK cells with 
regard to Tbet, Nfil3, Id2 and Ets1. In addition, they clarify the nature of DX5 
expression on NK cells and ILC-like cells in the murine thymus.
  
 
It has been more than a decade since Vosshenrich and colleagues first reported a 
thymic pathway of NK-cell development distinct from that in the bone marrow [1]. Unlike 
circulating NK cells, the thymic NK cells identified by Vosshenrich require IL-7 signalling 
and the transcription factor GATA3 for their development and can be identified by their 
expression of the IL-7 receptor component IL-7Rα (CD127). 
 
More recently, it has emerged that NK cells form only one branch of a larger family of 
innate lymphoid cells (ILCs), which also include a number of CD127+ GATA3-dependent 
non-NK “helper” ILC types [2]. ILCs are now divided into three subgroups by their 
cytokine production and transcription factor dependence: ILC1s produce IFN-γ and 
TNF-α and require Tbet, ILC2s produce IL-5 and IL-13 and require GATA3, and ILC3s 
produce IL-22 and require RORγt [3]. There is some dispute over whether NK cells 
should be considered ILC1s [4] or if, analogous to cytotoxic T cells and Th1 cells, the 
two should be considered distinct cell types [5]. Notwithstanding questions of lineage, 
the discovery of non-NK ILC1s has made it necessary to re-examine populations 
throughout the body that were previously regarded as NK cells in order to determine 
whether they are genuine NK cells or non-NK ILC1s. In this issue of The European 
Journal of Immunology, Gabrielli and colleagues tackle the question of whether murine 
thymic NK cells more closely resemble NK cells or non-NK ILC1s [6]. 
 
Previous investigations of murine thymic NK cells have defined them as being DX5 
(CD49b)- positive [1, 7]. However, a number of recent studies have identified tissue-
resident NK-cell subsets that are DX5–, such as XXX and XXX [8-11] (Figure 1). 
Therefore, Gabrielli et al examined both DX5– and DX5+ cells within the thymic Lin–
CD122+NK1.1+ population. They found that the DX5– cells are absent in Rag1-/- mice, 
suggesting that these cells are actually members of the T-cell lineage. Further, these 
murine thymic DX5– cells stain positive with PBS57-loaded CD1d tetramers, indicating 
that they are NKT cells, and not any kind of ILC [6].  
 
  
All ILCs, including NK cells, require the transcription factors Nfil3 [7, 12-15] and Id2 [16, 
17] for their development, but NK cells and non-NK ILC1 differ in their requirements for 
other transcription factors. In particular, circulating NK cells require Eomes but not Tbet 
for their development (Figure 1, top left) whereas non-NK ILC1s are Tbet-dependent but 
Eomes-independent [8, 10, 18] (Figure 1, bottom right). Therefore, one way to 
determine whether a particular population comprises NK cells or non-NK ILC1s is by 
examining their transcription factor requirements. DX5+ thymic NK cells are already 
known to require GATA3 [1, 10] and Nfil3 [7, 19] for their development (Figure 1, top 
right). Gabrielli et al confirm that DX5+ thymic NK cells are Nfil3-dependent and further 
examine their requirements for Tbet, Ets1 and Id2 [6].  
 
Thymic NK cells are present in the Tbet knockout mouse and this, more than any other 
finding, suggests that they are NK cells, rather than non-NK ILC1. Although the authors 
have not been able to examine an Eomes-deficient mouse, they show that thymic NK 
cells do express Eomes, further supporting the idea that they are NK cells 2012 [8]. It is 
interesting to note that recent findings suggest that ILC1s may have Eomes-dependent 
plasticity.  For example, ectopic expression of Eomes in murine NK precursors was 
shown to be sufficient to divert ILC1 development into the conventional NK-cell lineage 
[20]. In a murine conditional knockout of Ets1, thymic NK-cell numbers are reduced but 
those cells that are retained have a more mature phenotype than cells from wild-type 
mice. These are similar to findings on the requirement for Ets1 in the medullary pathway 
of NK-cell development [21]. Therefore, in terms of their requirements for Tbet and Ets1, 
and their expression of Eomes, thymic NK cells resemble conventional NK cells. 
 
Thymic NK cells are present in normal numbers in a conditional knockout of Id2, 
although their phenotype is subtly altered. This is unexpected given that all ILCs, 
including NK cells, are thought to rely on Id2 [16, 17]. The finding that thymic NK cells 
do not require Id2 is also surprising because they are Ets1-dependent, and Ets1 has 
previously been shown to regulate Id2 [21]. These differences in transcription factor 
requirements between thymic and medullary pathways of NK-cell development may be 
due to differences in the cytokine milieu. Id2 is required for survival in response to IL-15 
  
signalling [17] so one possibility is that thymic NK cells, which require IL-7 for their 
development, rely instead upon IL-7 signalling and are therefore less dependent upon 
Id2. It is equally intriguing that Gabrielli et al find that thymic NK cells require Nfil3 but 
not Id2 [6] while previous findings point to Nfil3 directing Id2 expression in both NK cells 
[13] and ILCs [15]. Another possibility for differing transcription factor requirements 
between thymic NK cells and medullary NK cells as well as ILCs could be the 
prevalence of Notch signalling [5]. The pivotal role of Notch signalling in ILC 
development is well established. Perhaps, canonical Notch signalling within the thymus 
can reduce the transcription factor requirements for thymic NK-cell development. 
 
The development and functions of tissue-resident NK cells in a variety of organs, such 
as the liver, has recently been a focus of intense research interest. Whether tissue-
resident NK cells are NK cells or non-NK ILC1s has itself been a matter of debate [22, 
23] but the similarities between the phenotype of functions of thymic NK cells, as 
previously reported, and those of tissue-resident NK cells are striking (Figure 1). It has 
previously been suggested that thymic NK cells are in fact “failed” T cells [19, 24]. This 
may be the case, particularly in the light of their very small numbers in Rag-sufficient 
mice. However, the possibility that thymic NK cells represent a tissue-resident NK-cell 
subset specific to the thymus is an intriguing one. Tissue-resident NK cells have 
specialist physiological functions in their home organs: for example, uterine NK cells 
mediate the depth to which the placenta implants during pregnancy [25]. There are a 
number of potential roles for thymic NK cells in the modulation of thymopoiesis and the 
maintenance of thymic architecture. NK cells are known to have a role in dendritic cell 
(DC) maturation [26], so it may be worth exploring any potential for thymic NK cells 
influencing DCs role in thymic selection processes. It will be interesting, in the future, to 
investigate their involvement in these processes in Rag-sufficient mice. Perhaps this 
small subset of cells will have a wide-ranging impact on T-cell development and 
repertoire, and on the entire immune system. 
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Figure Legend 
 
Figure 1. Transcription factor requirements and phenotype of thymic NK cells [1, 6, 7, 
19] liver-resident NK cells [8-10, 17, 23, 27] and small intestine lamina propria (siLP) 
ILC1 [2, 7, 14, 18, 23] compared to conventional NK cells. Arrow width represents the 
relative ability of the cells to perform the indicated functions. 
 
 
